In order to construct DNA fingerprint of apricot in China, the simple sequence repeats (SSR) analysis of 130 majority cultivars were performed. 104 alleles from 10 SSR loci were combined, which became the identification key of apricot cultivars. DNA fingerprint of these varieties had been primarily established. The identifying efficiency was also investigated using SSR data from three pair primers. The results demonstrate that 124 cultivars could be distinguished. There was a high efficiency in the identification of apricot germplasms using SSR markers and some cultivars with closely relationship (the similarity coefficient higher than 0.525) also could be separated from each other. These results can be expected to distinguish among all other apricot cultivars, and represent a practical system for apricot cultivar identification at any development stage, which would provide evidences for protection of breeder's intellectual rights. In addition, cluster phylogenetic analysis was conducted based on all the SSR data. The 'Jingjia No.1' and its male parent 'Shanhuangxing' had been clustered within one group; 'Longwangmao' and 'Yiwofeng' which was called 'small Longwangmao' were clustered into the same group. This result further suggests that it was reliable to study the genetic relationship among these apricot cultivars using SSR markers with these primers.
INTRODUCTION
As the origin center of apricot, China has the richest resources of both wild and cultivated varieties, including 2000 varieties or types (Wang, 1998) . In recent years, many new cultivars were bred or introduced. As the varieties of market demand and being adaptable to various production areas, the dominating cultivars are diverse among different areas. Meanwhile, among various apricot cultivars, there is little difference in the botanical characters of the tree. Hence, many cultivars have to be identified according to the fruit characters. However, the apricot trees have a longer juvenile period, and usually begin to bear fruit about four years after planting, which greatly limits the accurate selecting-use of the excellent cultivars in production, and further affecting the yield potential of some improved cultivars.
With the development of molecular marker technologies, a new opportunity for the early identification of special apricot cultivar at seeding age was provided. Due to their highly polymorphism, abundance, and typically co-dominant inheritance, simple sequence repeats (SSR) markers had been widely applied in the cultivar identification in some fruit crops such as peach (Aranzana et al., 2003; Cheng and Huang, 2009 ), sweet and sour cherry (Xuan et al., 2009) , almond (Dangl et al., 2009 ) and many other crops. Some SSR primers from the apricot genome were also developed (Lope et al., 2002; Hagen et al., 2004; Messina et al., 2004) and had been used for the study of genetic diversity, species evolutionary analysis and construction of genetic map, etc. (Maghuly et al., 2005; Dondini et al., 2007; Zhang et al., 2010) . Krichen et al. (2006) used microsatellite polymorphisms to develop an identification key for Tunisian apricots. However, there were few reports about the cultivars identified by SSR fingerprints among apricot cultivars growing in China.In this study, the objective was to establish the SSR fingerprint database of the predominant varieties growing regions in China, and to identify the cultivars using the least primers. These results would provide foundations for the early identification including the authenticity and purity of apricot varieties at seeding age, and thus provide a good tool for protection of breeder's rights and quality control of cultivar identities operated in commercial nurseries.
MATERIALS AND METHODS
A total of 130 apricot cultivars originating from different regions were employed in the experiments. Leaf samples of the tested cultivars were collected from the apricot repository in Institute of Forestry and Pomology, Beijing Academy of Agriculture and Forestry Science. The name and origin of the accessions are listed in Table 1 . 
DNA isolation
Genomic DNA was isolated using cetyltrimethylammonium bromide (CTAB) method as previously described (Doyle and Doyle, 1987) , but with only minor modifications. Approximately 0.5 g of leaf tissues were ground into a fine powder in liquid nitrogen using mortars and pestles.
SSR analysis
Polymerase chain reaction (PCR) amplifications were performed on a MyCycler TM PTC-200 thermal cycler (Bio-Rad Laboratories, Inc. USA). Apricot SSR-PCR reactions were conducted following the procedures. The volume of the PCR reaction system was 10 μL, consisting of 60 ng of template DNA, 1×PCR buffer with 2.0 mM of MgCl2, 0.25 mM of dNTPs, 0.2 μM each of forward and reverse primers and 1 U of Taq DNA polymerase. The PCR amplification procedure was performed and the parameters used were as follows: initial denaturation at 94°C for 5 min; 35 cycles each with denaturation at 94°C for 30 s, annealing at 55 to 58°C (depending on the specific primer sequence) for 30 s and extension at 72°C for 30 s; final extension at 72°C for 5 min. The PCR products were separated on 8% denatured polyacrylamide gels and the electrophoresis was conducted at 1 000 V for 1.5 h. The DNA bands were visualized by silver staining of gels according to manufacturer's protocol (Promega, Madison, USA).
The SSR primers (Table 2) were designed based on the nucleotide sequences reported by Testolin et al. (2000) , Sosinski et al. (2000) , Dirlewanger et al. (2002) , Lopes et al. (2002) and Hagen et al. (2004) . These primers were first screened for amplification of polymorphic and unambiguous bands in the 130 cultivars. The selected high polymorphic and specific SSR primers were used for further analysis of genetic diversity.
Statistical analysis of SSR data
Polymorphic alleles were scored and converted into digital (0/1) format, where 1 indicated the presence of a band and 0, the absence of a band. The SSR gel data was converted to character format in composing of 1 and 0, that is the digital fingerprint. Number of alleles per locus (Na), effective number of alleles (Ne), Nei's gene diversity, also named polymorphic index content (PIC), Shannon index (I), Nei's expected heterozygosity (He) and observed heterozygosity (Ho) of apricot cultivars were estimated using the program Cervus version 2.0 and PopGene version 1.32 software. In addition, a dendrogram was constructed based on the matrix of the genetic identities using unweighted pair-group method using arithmetic average (UPGMA).
RESULTS

SSR polymorphisms in apricot
From the total 190 pairs of primers, 38 pairs of polymorphic primers were screened by polyacrylamide gel electrophoresis across five apricot cultivars from five different regions. The 10 SSR primer pairs with the highest polymorphic were selected to conduct the amplification in 130 tested apricot cultivars. There was one or two distinct bands emerged in the polyacrylamide gel. The result of SSR fingerprinting patterns of partly apricot cultivars using the primer pair UDAp-404 is shown in Figure 1 .
As shown in Table 2 , in 130 apricot cultivars, the polymorphic primers revealed a total of 104 alleles ranging from eight (AMPA095) to 13 (UDP98-406) alleles per locus with a mean value of 10.4 alleles per locus. The PIC ranged from 0.624 for UDAp-413 to 0.877 for UDP98-406, with an average 0.788, which much higher than 0.5. It is usually considered that the polymorphism of one pair SSR primer is higher when PIC>0.5, and is media when 0.25<PIC<0.5, and is lower when PIC<0.25. According to this evaluating standard, all the primers used in this study were higher polymorphic primers. The H o values ranged from 0.016 to 0.578 and with an average 0.232 (Table 2 ). The varied range was much wider, which further indicated the polymorphism of each pair primer was higher and could be used to analyze the genetic diversity of apricot germplasm or identify the cultivars.
Construction of DNA fingerprinting of apricot cultivars
The 104 amplified alleles were lined up and became the character string composed of '0'and '1', which represented the identification key of apricot. DNA fingerprinting of these varieties were primarily constructed, and all the fingerprint data of 130 cultivars are listed in the Supplementary Table 1. Eventually, the apricot germplasms were identified according to their molecular identification. In order to test the identification efficiency of DNA fingerprinting constructed by the 104 alleles from 10 loci, the statistical analysis of the fingerprint database has further been conducted. The method used in this study was the pair-wise comparison. For each locus, the number series representing alleles were compared between any two cultivars, and the locus was considered as the specific marker of one cultivar if the alleles of the locus in one cultivar were different from any other cultivars. The identification efficiency using three loci among of the 10 loci were listed in Table 3 . As shown in Table 3 , the results from the pair-wise comparison suggested that there were four situations. First, some cultivars can be identified using only one locus. Secondly, some cultivars can be identified using two loci. Thirdly, many cultivars can be identified using three loci. And lastly, more than three loci must be used to identify the other cultivars. In detail, there were nine cultivars with their specific alleles and could be identified only using UDAp-422, nine cultivars could be identified only using UDAp-404 and 12 cultivars could be identified only using AMPA105. Much more cultivars could be identified by using two loci. There were 78 cultivars that could be identified by using UDAp-422 combined with UDAp-404. In combining UDAp-422 with AMPA105, 107 cultivars could be distinguished from each other. On the other hand, 86 cultivars could be identified by using UDAp-404 combined with AMPA105. It is interesting that there are some cultivars that could be identified by using any one sort of the three combinations of primers. There were only four cultivars must be identified using three loci including UDAp-422, UDAp-404 and AMPA105 to be identified, and there were leaving three groups including six cultivars could not be distinguished even if using the three loci. The three groups of apricot cultivars including 'Chuanzhihong' and 'Lanzhuhong', 'Shuijingxing (Beijing)'and 'Shuijingxing (Changli)', 'Hongyuxing' and 'Wanshuxing No. 1', respectively. Taken together, there were 124 apricot cultivars that could be identified by using these three loci alone or in combination with each other. Furthermore, all the 130 cultivars could be identified completely by using the 10 loci in this study.
Genetic relationship, cultivar identification and pedigree
Cluster analysis based on SSR data from 10 pair primers was also performed with UPGMA. As presented in Figure  2 , the similarity coefficients between 130 apricot accessions ranged from 0.11 to 1.0. Moreover, the similarity coefficients among almost more than 2/3 accessions was lower than 0.62. This indicated that there exists highly genetic variance in DNA level among these tested cultivars. The similarity coefficient between 'Shuijingxing (Beijing)' and 'Shuijingxing (Changli)' was the highest, higher than 0.91. Whereas, 'Chuanzhihong', 'Hongjinzhen' and 'Lanzhuhong' clustered together, and with a lower similarity coefficient to the bud sport mutation of 'Chuangzhihong' (0.16), which suggested that there was a high level genetic variance between them. In addition, there were 27 sub-clusters whose similarity coefficients among cultivars were higher than 0.525, which indicated that there existed close relationship between two cultivars within each group. These results also support that the DNA fingerprinting constructed by the 104 alleles from 10 loci had a high efficiency in the identification for the test cultivars. Most especially, some cultivars with similar morphological characteristics and pedigrees also could be distinguished from each other even if the similarity coefficients among cultivars was higher than 0.525. Typical examples are as follows: 'Jingjia No. 1' and its male parent 'Shanhuangxing' had been clustered within a group, 'Longwangmao' and 'Yiwofeng' also called 'small Longwangmao' clustered together, and the similarity coefficients were 0.64 and 0.67, respectively. These results also further demon- Table 3 . The test efficiency using 3 loci to identify apricot cultivars.
Locus
Total cultivar numbers and the name with specific marker Number Cultivar no. 29, 42, 55, 64, 91, 118, 124, 9, 23, 32, 38, 50, 85, 113, 126 AMPA105 12 15, 41, 48, 66, 75, 80, 88, 94, 102, 110, 117, 129 UDAp-422+ UDAp-404 78 1, 2, 4, 5, 6, 7, 8, 9, 10, 12, 17, 21, 22, 23, 24, 26, 29, 30, 31, 32, 33, 35, 38, 41, 42, 48, 49, 50, 51, 52, 53, 55, 56, 58, 60, 63, 64, 65, 67, 68, 69, 70, 72, 74, 75, 78, 79, 80, 81, 82, 84, 85, 86, 87, 89, 91, 94, 96, 100, 103, 104, 105, 106, 107, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 124, 125, 126 UDAp-422+ AMPA105 107
All the106 cultivar listed in Table 1 excluded the 23 cultivars (No. 2, 8, 16, 20, 32, 36, 39, 46, 47, 52, 57, 59, 60, 61, 72, 73, 74, 84, 90, 96, 103, 108, 123) .
UDAp-404+ AMPA105 86 4, 5, 7, 8, 9, 10, 12, 13, 14, 15, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 30, 31, 32, 37, 38, 40, 41, 43, 44, 46, 48, 50, 52, 53, 55, 56, 57, 58, 60, 62, 63, 64, 65, 66, 67, 70, 72, 74, 75, 76, 78, 80, 83, 84, 85, 87, 88, 91, 93, 94, 96, 97, 98, 100, 102, 105, 106, 107, 108, 110, 111, 113, 114, 115, 116, 117, 118, 119, 120, 123, 124, 126, 128, 129 UDAp-422+ UDAp-404+ AMPA105 124 All the 124 cultivar listed in Table 1 excluded the six cultivars (No. 36, 47, 59, 61, 73, 90) .
primers 130
All the cultivar listed in Table 1. strated that it was reliable to study the genetic relationship among apricot cultivars by SSR technology with the selecting primers.The 130 accessions could be divided into seven clusters when the similarity coefficient was equal to 0.21. There were 18 cultivars in the cluster I, which generally are apricot cultivars for flesh market; the cluster II contained 52 cultivars, including 51 cultivars for flesh market and only 'Youyi' is one cultivar for kernel consuming. There were 25 cultivars in cluster III, including five cultivars for kernel consuming and 20 cultivars for flesh market; The cluster IV contained 11 cultivars, including 10 cultivars for flesh market and only 'Chuizhishanxing' as the ornamenting cultivar. There are 11 cultivars in cluster V, while the nine cultivars in cluster VI mostly are for kernel consuming cultivars or ornamenting cultivars, respectively including 'Liaoxing', 'Mituoluo', 'Baiyubian', 'Chaoren', 'Huaxianchibangzi', 'Lüeshanxing', 'Huluxing', 'Xingtaihongjiexing' and 'Liquanerzhuanzi'. The four cultivars for flesh market in cluster VII respectively was the bud sport mutation of 'Chuangzhihong', 'Chuangzhihong', 'Hongjinzhen' and 'Lanzhuhong'. It can be seen that most cultivars belonged to the same type according to the classification methods based on the utility had been usually clustered within a same group; meanwhile, there were still some crosses among different types in utility.
DISCUSSION
Importance of construction of DNA fingerprints for identifying more China apricot cultivars SSR profiles were compared to determine if any plants were genetically identical. In the present study, the DNA fingerprinting database of 130 apricot cultivars was constructed using 104 polymorphic alleles from 10 SSR loci were lined up. In this database, each variety has the corresponding different DNA fingerprint information. Compared with the published data of cultivar identification using SSR in fruit crops, the quantity of variety used in this investigation was much more. There were 54 apricot landrace cultivars, 18 almond cultivars, 32 Chinese peach landraces, and 126 sweet cherry collections that had been reported, respectively (Krichen et al., 2006; Dangl et al., 2009; Cheng and Huang, 2009; Lacis et al., 2009) . Moreover, these 130 apricot accessions in this study potentially contained genetically different materials which had not yet been investigated for its SSR diversity. These results could provide more effective evidences for protection of apricot breeder's intellectual rights. In some instances, breeders' rights are imposed not only on the plants themselves, but also on processed materials such as juices and cooked sauces. 
High efficiency in the identification of apricot germplasms using SSR markers
In this study, 124 cultivars out of the 130 accessions could be identified successfully by using three SSR loci (UDAp-422, UDAp-404 and AMPA105), and all the 130 cultivars could be distinguished from each other using 10 loci. These results further suggested that SSR markers are well suitable for the identification of apricot germplasms. The primer pairs used in this work identified a high number of apricot cultivars and the efficiency of cultivar identification in apricot was higher than that reports in almond, cherry and apple. 12 SSR loci were selected for their ability to uniquely identify a set of 18 almond cultivars commonly grown in California (Dangl et al., 2009) . Xuan et al. (2009) (Krichen et al., 2006) . The results from cluster analysis also partially supported this point on the high identifying efficiency, that is, some cultivars with close relationship (the similarity coefficient higher than 0.525) also could be separated from each other. Meanwhile, the query system/database software of the DNA fingerprints for 130 cultivars was also established and was recorded in the registration copyright of computer software in the National Copyright Administration of the People's Republic of China (Certificate No. Ruan Deng Zi no. 0209792). In order to identify one apricot cultivar, the PCR amplification for the plant material will first be performed using the SSR primers offered in this software database, and acquires the data from electrophoresis analysis. The data format is digital. Then the data was input to the query box and the run button is clicked. The analysis results will tell us the test cultivar whether is or not corresponding to any one listed in the database. This software can be used in the following aspects: 1) to identify unknown cultivar and determine whether it is the same one to the cultivar listed in the database; 2) to identify one apricot cultivar which could not be identified according to the morphological traits.
It is a crucial step to choose the proper primers for this work. Generally, in practice, the amplification results for some SSR primers are unstable. There was no amplifying production or some non-specific amplification occurred simultaneously. Therefore, the experiment for the primer screening was conducted first using six cultivars from different regions. And 38 pairs of primers with high polymorphism and better amplification were selected out from Junhuan et al. 2637 totally 190 primer pairs. The electrophoresis analysis was then conducted with 6% denatured polyacrylamide gel for the amplifying production using the 38 pairs of primers for 130 cultivars. Lastly, according to the electrophoresis results, 10 pairs of SSR primers with unambiguous bands and without non-specific amplification, and with high polymorphism were selected to establish the DNA fingerprint. In addition, the electrophoresis time and using voltage were strictly controlled in order to reduce the read errors and improve the experiment veracity.
Statistical analysis methods for SSR data must be improved
A large amount of SSR data was generated when the sample number was large, and it will became one complicated task to analyze these data. For example, how many cultivars could be identified using one SSR locus? Which combination of several markers could be used to effectively distinguish all the samples from each other? To answer these questions, the method to find similar fingerprint characteristics among the samples for three SSR markers with high polymorphism was applied in this study. The results demonstrate that the combination of two loci could be identified more than half of all the 130 samples. A total of 78 cultivars could be identified using UDAp-422 combined with UDAp-404. As classic method of statistical analysis, the results were reliable, although much more time-consuming. In the future, the efficiency of statistical analysis for a large amount of SSR data will be improved greatly if the appropriate computer program using for statistical analysis is developed.
In conclusion, the DNA fingerprinting database of 130 apricot cultivars were constructed using 104 polymorphic alleles from 10 SSR loci, and there was a high efficiency in the identification of apricot germplasms using the SSR fingerprinting.
